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ABSTRACT
The role of tiger shrimp defense against invading pathogen on molecular level such
antiviral gene expression is limited to be reported. Gene expression is a process
which codes information of genes that is converted to the protein as a phenotype.
Distribution of PmAV antivirus gene, that has been reported as an important gene on
non-specific response immune, is needed to be observed to several organs/tissues
and size of tiger shrimp. The aim of this study is to determine the distribution of gene
antiviral expression at several organ/tissue and size of shrimp. The organs/tissues
observed in this study were: gill, hepatopancres, muscle tissue, eyes, heart, stomach,
gonad, and intestine. While the size of shrimp consisted of three groups, those are:
(A) 10-20 g/ind., (B) 30-40 g/ind., and (C) 60-70 g/ind. Analysis of antiviral gene
expression was performed by RNA extraction, followed by the cDNA syntesis, and
amplification of gene expression by semi-quantitative PCR. The result of PCR
optimation showed the optimal concentration of cDNA and primer was 1 µL and 50
mol, respectively for PCR final volume of 25 µL. Antiviral gene was expressed on the
hepatopancreas and stomach in percentage of 50.0% and 16.7%, respectively. While
the highest percentage of individual expressing the antiviral gene was observed in
the shrimp size of C (66.7%), followed by B (50.0%) and A (16.7%). The result of study
implied that the hepatopancreas has importantly involed in tiger shrimp defense
mechanism on viral infection.
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INTRODUCTION
The serious problems faced by farmers of
tiger shrimp Penaeus monodon since the mid
of 1990’s is the presence of invasive disease
caused by viral infection. Until now, in Indo-
nesia, eight kinds of virus have been reported
to infect the tiger shrimp, namely: baculo
monodon virus (MBV), infectious hypodermal
hematophoitic necrosis virus (IHHNV),
hepatopancreatic parvo-like virus (HPV),
baculovirus midgut gland necrosis virus (BMNV ),
type C-baculovirus (TCBV), yellow head virus
baculo (YHBV), taura syndrome virus (TSV) and
white spot syndrome virus (WSSV) (Anonymous,
2003). Among of them, viral pathogen of WSSV
is most often found as the cause of white spot
disease in shrimp aquaculture.
The aggression of WSSV infection in cul-
tured penaeid shrimp could not be optimally
solved. Various mitigation efforts have been
made to overcome the disease, such as: the
provision of immunostimulants, vaccines, se-
lection, and genetic engineering. The devel-
opment of molecular technique provides great
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opportunities to study the body’s defense
mechanism of shrimp against WSSV infection.
Luo et al. (2003) first isolated the virus Penaeus
monodon antiviral genes, called PmAV from
tiger shrimp on aquaculture farm in China. This
gene is known to play a role in the immune
system in black tiger shrimp. Furthermore, in
Indonesia, Parenrengi (2010) have successfully
isolated, cloned and transferred to into shrimp
embryos. The latest finding showed that dis-
eases resistance of tiger shrimp to WSSV could
be increased through transfering PmAV antivi-
ral gene by gene transfection technique.
PCR (Polymerase Chain Reaction) tech-
nique is commonly used in conducting stud-
ies on the molecular level, such as genetic
diversity, disease detection, and gene expres-
sion. The high PCR sensitivity is consequen-
cely needed for parameter optimization that
affect the amplification of the target DNA frag-
ment. PCR analysis has a high sensitivity to
the reaction conditions, and the changes in
these conditions impact the results of DNA
amplification, so that the PCR optimization
needs to be done in order to obtain the opti-
mal parameters in the amplification of gene
expression.
The research of antimicrobial gene expres-
sion could be performed by utilizing amplifica-
tion PCR using cDNA as template DNA, and also
by the analysis of the formation of peptide pro-
tein from antiviral gene. Gene expression is
known as the process by which codes infor-
mation contained in genes is converted into
proteins that operate in the cell. So the pro-
cess of gene expression is a series of transla-
tion of genetic information (in the form of base
sequences in DNA or RNA) into protein, or as
further known as phenotype. Information of
genetic material is not useful for an organism if
it is not expressed a phenotype. Studies of
gene expression is widely conducted, not only
to determine the level of immunity in fish or
shrimp, but also to determine the impact of
pollution on ecosystems, for example the ex-
pression of heat shock protein indicators 90
(HSP90) in fish Mugil cephalus (Padmini et al.,
2008 ). Detection of increasement the body’s
defense of shrimp against WSSV through the
study of gene expression of PAP (phogositosis
activating protein) has been carried out by
Deachamag et al. (2006). Cytokine gene ex-
pression has been reported to play an impor-
tant role in immunity in the zebrafish Danio
rerio (Ito et al., 2008). In goldfish, ghrelin gene
expression in carp Cyprinus capio closely as-
sociated with the stimulation of immune acti-
vation (Kono et al., 2008), where expression
of the gene was distributed in multiple organs,
namely the intestine, spleen, and brain of gold-
fish.
Shrimp antiviral gene, PmAV has been iso-
lated from shrimp hepatopancreas (Luo et al.,
2007; Parenrengi, 2010). The success work is
the useful reference in assessment of regard-
ing to the immune system and the body’s de-
fense mechanisms against pathogens by tiger
shrimp. The host defense mechanisms such
cellular and humoral reactions in shrimp include
phagocytosis, encapsulation, nodule formula-
tion, clotting, agglutination, prophenoloxidase
(proPO) cascade and antimicrobial activity
(Somboonwiwat et al., 2006). In addition, the
expression of antiviral genes may be used as
a marker in assisting the breeding selection as
known as MAS (marker assisted selection). Stud-
ies of gene expression in especially on vari-
ous tissues (organs) and size of the shrimp can
be used as a reference for studying the mecha-
nism of shrimp patterns defense against dis-
ease-causing pathogens. Therefore, the study
antiviral gene was conducted in order to de-
termine the distribution of antiviral gene ex-
pression in various tissues (gills, hepatopan-
creas, meat, eyes, heart, stomach, gonads, and
intestines) and the size of the shrimp. The re-
sults of this study will provide data and infor-
mation on the pattern of the naturally body’s
defense of tiger shrimp and can be taken into
consideration in an effort to increase the re-
sistance to WSSV diseases.
MATERIAL AND METHOD
Tiger Shrimp Sample
Test animals used in this study were cul-
tured shrimp from pond aquaculture in Maros,
South Sulawesi in an average weight of
34.3±3.0 g, and the average length of 15.9±0.6
cm for 6 samples (3 males and 3 females). The
expression of antiviral genes in various sizes
was categorized by three groups of body
weight, namely: A = 10-20 g (3 males and 3
females), B = 30-40 g (3 males and 3 females),
and C = 60-70 g (2 males and 4 females). Shrimp
samples are collected a life and transported to
the laboratory for RNA extraction. Samples of
tissues shrimp analyzed in this study were:
gills, hepatopancreas, muscle, eyes, heart,
stomach, gonad, and intestine.
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Total RNA Extraction
Total RNA was extracted using isogen kit
(Nippon Gene) by procedure as described by
Parenrengi et al. (2009). A total of 10-25 mg
samples of tissues was aseptically removed
from the tiger shrimp into the 1.5 mL micro-
tube, and then dissolved in 200 mL isogen in a
container filled with ice. The crushed sample
with a grinder microtube isogen was added
again with isogen up to 800 mL, and then incu-
bated at room temperature for 5 minutes until
the sample completely lysis. The sample is
added with 200 mL of chloroform and mixed
the solution by vortexing and allowed to room
temperature for 2-3 minutes. Samples were
centrifuged at 12,000 rpm for 10 min. and then
stored at room temperature for 5 min., and the
supernatant was transferred into a new
microtube filled with 400 mL iso-propanol.
Samples were homogenized with shaking
gently and then stored at room temperature
for 5-10 min. Samples were centrifuged again
at a speed of 12,000 rpm at 4oC for 15 min.
Supernatant was discarded, while the pellet
was dissolved with 1 mL of 70% cold-ethanol
and then centrifuged at a speed of 12,000
rpm at 4oC for 15 min. Supernatant was dis-
carded, and then pellet was dried. RNA pellet
was dissolved with 50 mL of 0.1% DEPC and
followed measurement of concentration and
purity of RNA by GenQuant prior to cDNA
synthesis.
RT-PCR for cDNA Synthesis
Synthesis of complementary DNA (cDNA)
was performed using a kit of Ready-To-Go
You-Prime Fisrt Strand Beads (GE Healthcare)
with the RT-PCR technique (Reversed Tran-
scription-PCR). RNA concentration of 3 mg in
30 mL of 0.1% DEPC was homogenized by
vortexing in the microtube, and then incu-
bated at 65oC for 10 minutes. Furthermore,
microtubes was put in ice for 2 minutes, then
RNA is inserted into the tube first strand reac-
tion mix beads which already contains 2 grains
of white balls. Three microlitres of oligo (dT)
primer 5'-gta ata ata cga act ata ggg cac tcg
acg tgg gcg gct cgg gcc ggt ttt ttt ttt ttt ttt t-’3
in concentration of 1 µg/3 µL were added into
the reaction, and then left to stand for 1 minute.
Micro tubes were incubated at 37oC for 1 hour,
then the formed cDNA was added with 50 mL
SDW (sterile distillated water).
PCR Optimization
Optimization of PCR was done in order to
get the clear target DNA fragment. Amplifica-
tion was performed on PCR GenAmp 2700 (Ap-
plied Biosystems). PCR process was run on pre-
denaturation temperature of 94oC for 2 min.;
35 cycles for (denaturation 94oC for 30 se-
conds, annealing 61oC for 30 seconds, exten-
sion 72oC for 45 seconds), and final extension
of 72oC for 7 minutes. Optimization of PCR
parameters were performed on primer concen-
tration of 50 and 60 mol/mL and cDNA of
0.5; 1.0; 1.5; and 2.0 mL.
Isolation and Analysis of Antiviral
Gene Expression
Isolation of antiviral genes PmAV was
performed using cDNA as template DNA and
using specific primers based on sequences
deposited at GenBank at accession number
AY302750.1 (Luo et al., 2003). The primers were
PmAV-F 5'-tgc tag atg atg ggt cat cat aca atc
cta-3 ‘and PmAV-R 5’-tct ctg tgt atg cct cga gct
gct ttc aca-3', with a target fragment approxi-
mately 513 bp. One milligram of cDNA used as
a template for PCR using kit PureTaq Ready-To-
Go PCR Beads (GE Healthcare), and mixed with
1 mL (50 mol/mL) for each forward and re-
verse primer, and then added up to 25 mL SDW.
The kit contained 2.5 units of Taq polymerase,
10 mM Tris-HCl pH 9, 50 mM KCl; 1.5 mM MgCl2,
and 200 µM each dNTP-mix.
Amplification of antiviral gene was per-
formed on GenAmp 7200 PCR machine (Applied
Biosystems). PCR process was run on pre-de-
naturation temperature of 94oC for 2 min; 35
cycles for (94oC denaturation for 30 seconds,
annealing 60oC for 30 seconds, extension
72oC for 45 seconds), and final extension of
72oC for 7 minutes. While the -actin gene
amplification was performed by PCR on the
program as follows: pre-denaturation of 94oC
for 2 min.; 35 cycles for (denaturation 94oC
for 30 seconds, annealing 55oC for 30 sec-
onds, extension 68oC for 1 min.), and final ex-
tension of 68oC for 5 minutes. To determine
the successful amplification of the target DNA
fragments, PCR result was electrophoresed on
1.0% agarose gel and documented with a Gel
Documentation System (Biometra). Molecular
weight of DNA fragment was determined by
using a marker of 100 bp Plus DNA Ladder
(Vivantis).
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Data Analysis
Data from PCR parameter optimization re-
sults are descriptively presented. The gene
expression antivirus was analyzed based on
the presence and pattern/thickness of shrimp
antiviral gene expression at various tissues
and size of tiger shrimp. The successful isola-
tion of antiviral gene expression was deter-
mined by the presence of shrimp -actin gene
expression as an internal control.
RESULT AND DISCUSSION
Total RNA Isolation
Total RNA was succesfully isolated from
black tiger shrimp with a high degree of purity,
such as 1.8±0.01 on the size of body weight
and 1.7±0.10 in various tissues. For the pur-
poses of molecular analysis, Linacero et al.
(1998) has suggested the level of total RNA
purity (A260/A280) should be in the range of 1.8to 2.0. Protein contamination was indicated by
the low value of DNA purity (<1.8) or while phe-
nol contamination and other organic material
were indicated by the high value of the ratio
(>2.0). The purity of RNA is needed in order to
obtain the accurate data in determining the
expression of antiviral genes. Although the
total RNA has high purity, PCR otimization still
need to be done to obtain the optimal para-
meter in determining the expression of shrimp
antiviral genes.
PCR Optimization
Optimization of primer and cDNA was made
to obtain optimal PCR conditions to produce
specific PCR products, which formed thick and
clear DNA band with expected size (the posi-
tion of the DNA fragment) and did not form smear
and background fragments that interfere with
visualization of the target gene. Treatment of
primer concentration in the PCR process may
affect the results of the DNA fragments gener-
ated. Primer concentration optimization results
indicated that the primer difference in concen-
tration resulted in different outcomes ampli-
fication of target DNA fragments (Figure 1).
These results indicated that the use of a con-
centration of 50 mol/mL was better than the
60 mol/mL, whereas in the treatment of 60
mol/mL, DNA fragments were thicker but
smearing background along the lines of the
movement of the gel, while the concentration
of 50 mol/mL provided a clean and sharp DNA
fragment. Therefore, the primer concentration
of 50 mol/mL was selected to use in further
studies for isolation all samples on gene ex-
pression in various organs and sizes of tiger
shrimp. Similar result was also reported by
Parenrengi (2010) using 1 mL (50 mol/mL) of
each forward and reverse primers with a final
volume of 25 mL. According to Qiagen (1997) a
primary concentration ranging between 0.1 to
0.5 mM in the amplification reaction provided
optimal results with specific PCR product. How-
ever, Yuwono (2005) states that concentra-
tions up to 1 µM primer can still produce a spe-
cific product, but the primer concentration
higher than 1 µM can lead to the accumulation
of non-specific polymerization results. Primer
concentrations lower than this optimization
results such 25 mol reported by Arenal et al.
(2008) in a study of growth hormone gene ex-
pression in white shrimp Litopenaeus schmitti.
Concentration of cDNA can affect the re-
sults of amplification of the target DNA frag-
ment. The results of electrophoresis of PCR
Figure 1. Electrophoresis result of optimalization of primer and cDNA concentration used
for antiviral gene amplification. (A) primer concentration of 60 mol (1-3) and 50
mol (4-6), where lane 1, 2, 4, and 5 = hepatopancreas without expressing an
antiviral gene, while 4 and 6 = hepatopancreas expressing an antiviral gene. (B)
cDNA concentration of 0.5 µL (1); 1.0 µL (2); 1.5 µL (3); and 2.0 µL (4). The arrow
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products showed that the concentration of
cDNA fragments of 1.0 mL has a more decisive
and clear compared to other cDNA concentra-
tion. Concentration of 0.5 mL cDNA fragments
that have too thin, while the concentration
of cDNA with 1.5 mL and 2.0 mL showed no
amplification or un-clear fragment (Figure 1).
Sunandar et al. (2010) suggested that small
concentrations of DNA templates reduced the
chances of primer to the template. Therefore,
the concentration of DNA in the PCR reaction
component needed to be optimized to obtain
consistent amplification result. Too little or too
high template DNA concentration will affect
the result of amplification. No amplification of
high concentration of DNA is resulted by no
attachment on primer sites. One of the reasons
is low quality of DNA containing contaminants
such as phenols and other metabolites, pro-
teins remaining in the DNA template. The high
contaminants could significantly affect the
attachment of primer template of DNA (Weeden
et al., 1992). Therefore, among the two main
parameters showed that the optimal concen-
tration of primers and cDNA were obtained 50
mol and 1.0 mL, respectively. This concen-
tration is used as a reference for PCR amplifi-
cation to determine the expression of antiviral
genes and -actin in all samples of tiger shrimp.
Disribution of Antiviral Gene
Expression on Various Tissues
Expression of tiger shrimp antiviral gene in
various tissues and the percentage were pre-
sented in Table 1. Indicator of expressed or
not antiviral genes used in this study was -
actin gene expression of tiger shrimp. The -
actin gene was always expressed all times and
in all organs of tiger shrimp, so that an expres-
sion of -actin can be used as an internal con-
trol on the expression of other genes. Two of
the eight organs and tissues analyzed, such
as the hepatopancreas and stomach showed
expression of antiviral genes. The percentage
of both organs from the total samples was 50.0%
in the hepatopancreas and 16.7% in the stom-
ach. Antiviral gene expression on hepatopan-
creas was obtained in female and male tiger
shrimp (33.3%) and the female tiger shrimp
(66.7%), while gene expression in the stomach
only found in female shrimp.
Table 1 showed that antiviral gene expres-
sion of female shrimp was 66.7% in hepatopan-
creas and 33.3% in stomach, whereas other
organs did not express the PmAV gene. In the
male tiger shrimp, antiviral gene was only ex-
pressed in the hepatopancreas (33.3%). This
result suggested that the expression of anti-
viral genes was commonly performed in hepa-
topancreas. Although, it was suspected that
there was no difference in the immune system
between male and female shrimps, but the re-
sult of this study suggested that the expres-
sion of antiviral gene was observed in stom-
ach female shrimp, but not in male shrimp.
Therefore, the further study is needed more
depth on the large number of samples in learn-
ing more the role of the stomach in the shrimp
immune system.
Observation of PmAV gene expression pat-
tern showed that the greatest organ express-
ing antiviral gene was hepatopancreas (50.0%)
followed by stomach (16.7%) of the total
* ) 1 = Muscle; 2 = Gonad; 3 = Hepatopancreas; 4 = Gill; 5 = Heart; 6 = Stomach; 7 = Eyes; 8 = Intestine;
(+) = Organ expressing an antiviral gene; (-) = Organ without expressing antiviral gene
Table 1. Expression of PmAV gene antiviral isolated from several organs/tissues of tiger shrimp
Penaeus monodon
1 2 3 4 5 6 7 8
32.8/15.7 - - + - - + - - Hepatopancreas (66.7)
30.4/15.0 - - + - - - - -
36.9/16.6 - - - - - - - - Stomach (33.3)
35.9/16.0 - - + - - - - -
32.0/15.5 - - - - - - - -
37.9/16.6 - - - - - - - -
Male Hepatopancreas (33.3)
Sex Weight (g)/Length (cm)
Gene expression in t issues*) Gene expression 
(%)
Female
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samples analyzed (without differentiating male
and female). Visualization of DNA fragment an-
tiviral gene expression in gel electrophoresis
located at approximately 513 bp (Figure 2). The
results showed that the hepatopancreas has
an important role in the resistance of shrimp
against viral infection. It is suspected by
closely related to the virus attackment target
organ is the hepatopancreas. Number of stud-
ies showed the damage of hepatopancreas tis-
sue due to virus attack, especially WSSV (Priatni
et al., 2006; Sukenda et al., 2009; Kilawati,
2012). The implication of this study suggested
that the antiviral gene isolation can be per-
formed on shrimp hepatopancreas, for easier
of getting cDNA antiviral gene. This indicator
has been done in previous study where isola-
tion antiviral genes was carried on shrimp
hepatopancreas especially survivor shrimp
after injected by viral disease. Parenrengi
(2010) has isolated an antiviral gene from shrimp
hepatopancreas cDNA by RT-PCR technique,
in which among the 22 shrimp samples ana-
lyzed, 6 samples (27.3%) showed expression
of antiviral gene. The gene has been isolated
for characterization and cloning for further
research.
The high PmAV gene expression in the
hepatopancreas was suspected because of
the multiple functions of hepatopancreas as
liver and pancreas, where the organ that pro-
duces enzymes required in shrimp defense
system. Permana et al. (2006) stated the change
in histology of the hepatopancreas may be one
of indicators of the health status of shrimp
both macroscopic and microscopic. Hepato-
pancreas located in cephalotorax can produce
digestive enzymes, store and dispose of the
metabolism of the metabolic waste. This organ
had an important role in having same function
as liver and pancreas in mammals.
According to Karin (2002), the shrimp
hepatopancreas consists of closed tubuli in
producting enzymes that flowed through the
hepatopancreatic duct. In general, the health
parameters can ideally reflect the immune func-
tion associated with the relevant health con-
ditions which is easier to be measured and
observed. Observation of antiviral gene ex-
pression in tiger shrimp, especially hepatopan-
creas provided a general overview of the in-
volvement of these antiviral genes in shrimp
immune system. Parenrengi (2010) noted that
the results of the study showed that the survi-
vor shrimp from WSSV outbreak has a high re-
sistance to disease virus and has the ability to
express the antiviral genes PmAV better than
the other shrimp.
The presence of DNA fragments at the po-
sition of about 513 bp can be used as a marker
of DNA resistant shrimp in a future selection
program. Involvement of antiviral genes in
shrimp immune system have also been stud-
ied by Tenriulo et al. (2010). The study re-
vealed that the expression of antiviral genes
PmAV in the shrimp hepatopancreas increased
when exposed to WSSV virus. This result sug-
gested that the expression of antiviral genes
(up-regulation) increased caused by viral in-
fection. Rantetondok (2011) stated that WSSV
virus can cause white spots on the carapace
of cultured shrimp, stomach and intestine dis-
orders, fragile and widened hepatopancreas,
reddish organs and also the infection shrimp
would be death to 70%-100% within 2-7 days.
Figure 2 showed that the antiviral gene was
not only expressed in hepatopancreas, but in
stomach. The expression gene in stomach may
be indication of the WSSV virus attacked to
digestive organs of the shrimp. So, the immune
system of shrimp by expressing PmAV antiviral
Figure 2. Electrophoresis of PmAV gene antivirus and internal control -actin of female (A)
and male (B) tiger shrimp (1 = muscle, 2 = ovary, 3 = hepatopancreas, 4 = gill, 5 =
heart, 6 = stomach, 7 = eyes, and 8 = intestine; arrow indicating the target gene
position)
1 2 3 4 5 6
(A)
7 8 1 2 3 4 5 6
(B)
7 8
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genes was performed in order to be able to
protect the virus infection. The study con-
ducted by Luo et al. (2007) revealed the ex-
pression of antiviral gene at the several or-
gans of the shrimp. The transcription level of
PmAV in hepatopancreas was the highest,
reaching more than 700 times of that in the
muscle, while the mRNA level of PmAV in gill,
heart, hemocytes, intestine and stomach was
approximately 3-13 times of that in the muscle.
Several genes have been widely identified to
determine the body’s defense mechanisms of
fish or shrimp. Ghrelin gene which is a growth
hormone gene that is closely linked with im-
mune carp, have been identified by Kato et al.
(2007). The gene was expressed in the organ
of carps such intestine, spleen, and brain in
which gene expression increased after giving
immunity astimulation of lipopoliskarida (LPS),
phytohemagglutinin (PHA) or imiquimod.
Antiviral Gene Expression on Various
Body Size
Observation of antiviral gene expression
has been performed in various group sizes of
cultured shrimp in ponds. The presence or ab-
sence of antiviral gene expression in a vari-
ous sizes were based on the presence of DNA
fragments at a position approximately 513 bp
by PCR technique and -actin gene expres-
sion shrimp in a position approximately 400 bp
was used as an internal control in this study
(Figure 3). The thickness expression of DNA
gel banding pattern of antiviral gene was var-
ied among individuals and body sizes. DNA frag-
ment of relatively thick was obtained on shrimp
size of 30-40 g for both males and females,
compared with the other sizes of tiger shrimp
in present study. The thickness of the formed
DNA band was naturally illustrated the body’s
defenses tiger shrimp, which the tiger shrimp
having a high expression of antiviral genes
would be strong defenses against pathogen
infection. Parenrengi (2010) reported that
transgenic tiger shrimp showed higher the
PmAV antiviral gene expression and the resis-
tance (surviral rate indicator) than normal
shrimp when challenged with WSSV virus. The
results of study conducted by Somboonwiwat
et al. (2006) showed that increasing in expres-
sion level of the selected genes in shrimp
hemocytes after microbial challenge sug-
gested the involvement of such genes in bac-
terial response in shrimp. Tenriulo et al. (2009)
also reported that the antiviral gene PmAV ex-
pression of the shrimp naturally increased the
expression when challenged with WSSV virus
(up-regulation). However, to strengthen the
Figure 3. Expression of antiviral PmAV gene in tiger shrimp hepatopancreas at different
body weight. (A) Male (1-3) and female (4-6) tiger shrimp of 10-20 g; (B) Male (1-3)
and female (4-6) tiger shrimp of 30-40 g; (C) Male (1-2) and female (3-6) tiger
shrimp of 60-70 g. Gene antiviral expression on the top row and internal -actin
gene on the bottom raw, and arrow indicating the position of target gene
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obious result above, further research on anti-
viral gene analysis was needed by using real
time-PCR (RT-PCR). With RT-PCR technique, Luo
et al. (2007) could distinguish quantitative
expression of antiviral genes among multiple
organs of shrimp.
Percentage of shrimp expressing the anti-
viral genes was reltively higher (66.7%) on the
larger size (60-70 g) as compared to medium
size 30-40 g (50.0%) and the size of 10-20 g
(16.7%). Six males of tiger shrimp with weigh of
10-20 g showed only one (33.3%) antiviral gene
expression. The antiviral gene expression on
the size of 30-40 g was obtained in one male
(33.3%) and two females (66.7%), and the size
of 60-70 g was obtained on two male (100.0%)
and two females (50.0%) (Table 2).
Table 2 showed that the bigger size of ti-
ger shrimp would show higher percentage of
antiviral gene expression. While, between the
male with female of various sizes did not show
any differences in antiviral gene expression.
The results suggested that the body’s de-
fenses of shrimp were not depending on the
different of sexs but most probably related to
body size and associated with age of shrimp.
Bigger body size of shrimp is more likely to
have capability to fight pathogens, compare
with smaller size. These mean that smaller
shrimp is more susceptible to viral infection.
Hastuti (2007) noted that the non-specific im-
munity of tilapia species was strongly influ-
enced by the age and body size of fish.
CONCLUSIONS
The optimal concentration of primer and
cDNA in 25 mL PCR reaction for antiviral gene
expression in shrimp were 50 pmol/mL and 1
mL, respectively. PmAV gene expression in fe-
male was found 66.7% in shrimp hepatopan-
creas and 33.3% in stomach. The higher body
size of male and female shrimps tended to
show the higher percentage of antiviral gene
expression. Using the semi-quantitative PCR
technique, expression of antiviral gene PmAV
was relatively very low and difficult to visual-
ize. Therefore, to measure the quantity of anti-
viral gene expression, it is suggested to use
Real-Time PCR technique.
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